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P.L.de Laplace (1749–1 827) ,
, ([1 U
$u_{\mathrm{W}\mathrm{e}}$ ought to regard ffie present state of ffie universe as ffie effect of its antecedent state and as ffie
cause of the state that is to follow. An intelligence knowing all th\’e forces in nature at agiven instant,
as well as the momentary position of aU things in the universe, would be able to comprehend in one
single formula the motions of the largest bodies as well as the lightest atoms in the world, provided
that its intellect were sufficiently powerful to subject all data to analysis; to its nothing would be
uncertain, the future as well as the past would be present to its eyes.’
We ought to..... ffiat is to follow :
, ,
An inteffigence knowing..... $.\mathrm{a}\mathrm{U}$ data to analysis :Lipalace Demon ( ) ,
,
Laplace ( , [1 2] )
132
3–2. MaxwelI (1873)
, C.B.Maxwell (1831–1 879)
, Laplace ([1 3])
“It is ametaphysical doctrine that from the same antecedents follow ffie same consequences. No
one can gainsay this. But it is not of much use in aworld like this, in which the same antecedents
never again conqur, and nothing ever happens twice.... The physical axiom which has asomewhat
similar aspect is that from like antecedents follow like consequences. But here we have passed...
fiom absolute accuracy to amore or less rough approximation. There are certain classes of
phenomina... in which asmall error in the data only introduces asmall eror in the result... .There are
other classes of phenomena which are more complicated, and in which cases of instantly may
occur...
It is ametaphysical..... the same consequence : ,
$\text{ }$ The physical axiom.. like consequences :
, But here we have..... asmall error in the result :
, ( ) (
) , Cauchy








could predict exactly the situation of that same universe at asucceeding moment. But, even if it were
the case that the natural laws had no longer any secret for us, we could still only know the initial
situation approximately. If that enables us to predict the succeeding situation wiffi ffie same
approximation, that is all we require, and we should say that the phenominon had been predicted, ffiat
it is govemed by laws. But it is not always so; it may happen that small differences in ffie inifi]
conditions produce very great ones in the final phenomina. Asmall error in the former will produce
an enormous error in the latter. Prediction becomes impossible... . $’$ ’
Maxwell ,





(1 9 4 3) $\mathrm{E}.\mathrm{S}\mathrm{c}\mathrm{h}\mathrm{r}6\mathrm{d}\mathrm{i}\mathrm{n}\mathrm{g}\mathrm{e}\mathrm{r}(1945)$ $([1 5], [1 6])_{\text{ }}$
, W.K.Heisenberg
, , R.Boyd (1972), J.Ea an (1986),


































( ) $\Omega$ $P,$ $T$ : $\Omegaarrow\Omega$ ,
$H$ $(P, T)$ KS $\langle$ $\mathrm{K}\mathrm{o}\mathrm{l}\mathrm{m}\mathrm{o}\mathrm{g}\mathrm{o}\mathrm{r}\mathrm{o}\mathrm{v}-\mathrm{S}\mathrm{i}\mathrm{n}\mathrm{a}\mathrm{i})$
([2 0] – [ 2 2])
$h\tau=$ $\sup H$ $(P ’ T)$ ,
, $H(P)=-\Sigma\mu$ $(\mathrm{A}$. $)\mathrm{h}\mu$ $(\mathrm{A}$. $),$ $\mathrm{A}$. : $P$ (A $\cap Aj=\phi$ , $i\neq j$ ) $\Rightarrow$





$hc$ , $\exists$ $t<\mathrm{r}$ ,
([2 3], [24])
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Randomness : ( $0\leqq ht<\infty$
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“The temational Workshop on Determinism” held by ffie $\mathrm{h}\mathrm{s}\dot{\mathrm{t}}\mathrm{t}\mathrm{u}\mathrm{t}\mathrm{e}$ of
${\rm Max}$-Planck at Ringberg Castle (Freiburg), 3–8 June, 2001
3–2
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